Lamb meat quality of two Portuguese products was examined. The influences of slaughter weight, sex and breed on eating quality were evaluated. Data were obtained from 72 lambs of two different breeds with protected designation origin. In accord with the normal slaughter weight in the region three classes were considered: A: 9-14 kg live weight; B: 14-19 kg live weight and C: 19-24 kg live weight. pH of M. longissimus thoracis et lumborum muscle (MTL) was measured 1 h and 24 h after slaughter. Meat colour was estimated in the M. longissimus thoracis et lumborum muscle (MTL) muscle on the 12th rib using the L* a* b* system. Shear force was evaluated 72 h after slaughter. Sensorial analysis was assessed by a trained taste panel of 12 members. The pH values found could be considered within the normal pH range, between 5.5 and 5.9. When the pH measurement was made 24 h after slaughter, the heavy lambs had significant higher value than the light lambs. In relation to colour variables, live weight, sex and breed had no effect on the red index (a*). Lightness (L) decreased with increasing live weight and the light lambs had higher yellow index (b*) than the heavier lambs. Shear force increased with live weight and the Bragançano breed had a greater mean shear force than the Mirandesa (7.8 vs. 6.8 kg/cm 2 ). The heavy carcasses had more flavour intensity than the light ones. Mirandesa lambs had significantly lower values for toughness, stringy and odour intensity than Bragançana lambs.
Introduction
According to Warriss (2000) , when most people talk about quality they tend to mean the functional quality that refers to desirable attributes in a product such as yield, technological properties and palatability. We considered yield as the proportion of saleable meat and muscle size and shape, the colour of meat, pH and shear force as technological properties, and texture and tenderness, juiciness, flavour and odour as palatability characteristics.
The increasing importance of lamb meat quality to butchers and consumers has been an objective of several studies in recent years (Bennett, 1997; Bickerstaffe, Le Couter, & Morton, 1996; Carlucci, Napolitano, Girolami, & Monteleone, 1999; Channon, Ross, Cooper, & Maden, 1993; Devine, Graafhuis, Muir, & Chrystall, 1993; Ellis, Webster, & Brown, 1997; Hoffman, Muller, Cloete, & Schmidt, 2003; Hopkins, 1993; Hopkins, Ferrier, Channon, & MacDonald, 1995; Purchas, Silva Sobrinho, Garrick, & Lowe, 2002; Safari, Fogarty, Ferrier, Hopkins, & Gilmour, 2001; Young, Reid, & Scales, 1993) . More recently, Rødbotten, Kubbeød, Lea, and Ueland (2004) working with different species, including lamb, investigated if meats could be described and compared by sensory analysis.
Lamb meat quality is influenced by several factors, such as breed (Fisher et al., 1999; Fogarty, Hopkins, & Vande Ven, 2000; Hoffman et al., 2003; Purchas et al., 2002; Safari et al., 2001; Sañ udo et al., 1997; Santos Silva, Mendes, & Bessa, 2002) slaughter weight (Jeremiah, Tong, & Gibson, 1998; Purchas et al., 2002; Sañu-do, Santolaria, María, Osorio, & Sierra, 1996) and sex (Butler-Hogg, Francombe, & Dransfield, 1984; Dransfield, Nute, Hogg, & Walters, 1990) . Nevertheless other factors could influence meat quality such as pre-slaughter stress, carcass cooling rate and ageing regimen.
The implementation of provisions of Council Regulation (EEC) No. 2081/92 of 14 July, 1992 on the protection of geographical indications and designations of origin for agricultural products and Council Regulation (EEC) No. 2082/92 on certificates of specific character for agricultural products and foodstuffs was a great incentive for small ruminant production in several countries particularly in the NE of Portugal that has a great tradition in lamb production. Producers were encouraged to continue producing according to the traditional methods because the products are well accepted by the consumers. In consequence, more and more information, such as quality and safety guarantee is required by consumers.
This work examines the sensory quality of meat of two Portuguese breeds with protected origin designation, representing the type commonly slaughtered in the Mediterranean area, particularly in Portugal. The influence of slaughter weight, sex and breed on some characteristics of the lamb and eating quality were also evaluated.
Material and methods

Animals and sampling
Data were obtained from 72 lambs (18 lambs from each sex and breed were used) from two different breeds selected at random by each of the two National Association of Breed Producers, and reared under normal conditions and according to the main elements of the specifications for these protected designation origin products. Lambs remain with their mothers during grazing. There are extensive areas of hill grazing at an altitude varying from 481 to 1000 m, in a succession of uplands and deep valleys the weather is often harsh and there are wide variations in food supply. The flocks are rarely given supplementary foods, only during winter some meadow hay is given. Lambs were raised traditionally, suckling milk from their dams, not being weaned until slaughter at 3-4 months of age, normally at the end of autumn.
According to the normal slaughter weights in the region, three classes were considered: A: for live weight between 9 and 14 kg; B: for live weight between 14 and 19 kg and C: for live weight between 19 and 24 kg.
Lambs were transported in an appropriate manner under the animal welfare rules and according to UE government regulations. From the origin to slaughter house the Mirandesa lambs travelled 50 km further than the Bragançana lambs.
All lambs were slaughtered after a 24 h fast in the experimental slaughter house at the BragançaÕs School of Agriculture (Escola Superior Agrária de Bragança). After slaughter, carcasses were cooled at 4°C for 24 h. Carcasses were halved carefully. The kidney and pelvic fat were removed and weighed. The left side of each carcass was divided into eight standardized commercial joints: leg, chump, loin, ribs, anterior ribs, shoulder, breast and neck. The joint procedure was outlined by Teixeira (1984) according to the Zootechnique National Station cut (Estação Zootécnica Nacional -EZN cut) Calheiros and Neves (1968) . Each joint was then dissected into muscle, subcutaneous fat, intermuscular fat, bone and remainder (major blood vessels, ligaments, tendons and thick connective tissue sheets associated with muscles). In total 72 carcasses were evaluated and completely dissected.
Instrumental measurement
All instrumental measurements were obtained from the left side of the carcass. M. longissimus thoracis et lumborum muscle (MTL) pH was measured 1 h and 24 h after slaughter on the 12th rib using the equipment Crison, pH-metro 507 and a 52-32 spear electrode. Meat colour was estimated in the MTL muscle on the 12th rib using the L* a* b* system with a chromameter Minolta CR 300. This system of colour was described with the coordinates L* a* b* representing lightness, redness and yellowness (CIE, 1986) . Colour measurements were made on freshly cut surfaces in seconds after carcasses have been cooled at 4°C for 24 h. Shear force was evaluated 72 h after slaughter, using an INSTRON 5543-J 3177 equipped with a Warner-Bratzler device. MTL muscles were cooked within plastic bags in a 70°C water bath for 90 min. Half an hour after, muscle sub-samples (1 cm 2 cross-section) were taken from each MTL muscle for shear force evaluation. For each animal eight shears were made. The measurement was recorded as the average yield force in kilograms, required to shear perpendicularly to the direction of the fibres.
Sensory analysis
The lumbar region of the longissimus thoracis et lumborum muscle from the right side of the carcass was taken for sensory analysis by a trained taste panel of 12 members. Panel members were selected and trained in accordance with the Portuguese guidelines (NP ISO 8586-1, 2001 ). Samples aged for 72 h were vacuum packed and frozen at À21°C until taste panel evaluation. The day before the panel sensory session, samples were thawed at 4°C. Samples were wrapped individually in cooking bags and roasted in an oven until the internal muscle temperature reached between 70 and 80°C.
Immediately after cooking the MTL muscle was divided in 2 · 2 cm cubed samples and wrapped in aluminium foil, marked with random three-digit cods and placed in a preheated oven of 60-70°C and evaluated within 10 min. The panel members were seated in individual randomised booths in a temperature and light controlled room. In all sessions the room temperature was between 20 and 22°C with 60-70% humidity and the booths illuminated with red light.
After training, panellists were asked to assess each sample for the following sensory attributes: odour intensity (odour associated with raw meat, animal species or cooked lamb meat), toughness (the force needed to chew), juiciness (water perceived during mastication), flavour intensity (flavour of raw meat, associated with the animal species or cooked lamb meat), stringy (fibres perceived during the mastication), sweet intensity (flavour of sugar) and overall acceptability, using a nonstructured 1-10 cm scales, representing at the extremes the minimum (0 -absence of the sensation) and the maximum (10 -sensation extremely intense).
The sensorial evaluation consisted of six sessions. In each session, panellists assessed all samples corresponding to 12 treatments. Samples were presented randomly in each session. A total of 60 samples were tasted by each of the panellists.
Statistical analysis
The experimental design consisted of balanced incomplete blocks and the treatment design was a 2 · 3 · 2 factorial with two sexes, three carcass weight and two breeds as factors. Data were analysed using the Mixed Models Procedure by SAS version 9.1 (SAS, 2004) .
Results and discussion
General results
The means, standard deviation, maximum and minimum of the live weight, carcass components, instrumental measurements and sensory quality characteristics are shown in Table 1 . All characteristics have a substantial variation suggesting that a great range of live weight and carcass fat depots representative of Bragançano and Mirandesa lamb carcasses normally slaughtered commercially. Toughness, juiciness and stringiness were the characteristics with highest range of variation, suggesting the subjectivity of these characteristics, but also reflecting the high variation in shear force that was an objective measurement. The values of the coefficient of variation for the components of carcass and sensory characters show that the products were very variable, reflecting the wide range of slaughter weights permitted for these protected designation origin products.
Instrumental measurements
In Table 2 the effects of live weight, sex and breed on instrumental measurements are presented. The pH values particularly the values obtained 24 h after slaughter, could be considered, according to Devine et al. (1993) , within the normal pH range assuming that an ultimate pH value greater than 5.8 is regarded as undesirable. Our results are similar to the findings of Safari et al. (2001) and Hoffman et al. (2003) . Live weight had no effect on pH measured 1 h after slaughter, but when the measurement was made 24 h after slaughter the heavy lambs had significantly higher pH values. Sañudo et al. (1996) and Beriain et al. (2000) , working with lambs from Spanish breeds also observed higher pH values on the heavy carcasses but Vergara, Molina, and Gallego (1999) also working with a Spanish breed did not find effects of slaughter weight on 24 h pH. In the present work, no differences were found between breeds for pH measured 24 h after slaughter, but when pH was measured 1 h after slaughter the Mirandesa breed had significantly higher values. This difference between breeds could be attributed to the stress caused by the transport that the lambs of Mirandesa breed were submitted to between the farm and the slaughter house. Sex had no effect on the 24 h pH, but when pH was measured 1 h after slaughter, we verified a small tendency for males to have a higher pH in accord with the results of and Fogarty et al. (2000) . The significant interaction between live weight and sex could result from the small value found for lightest female lambs compared with the fattest male lambs of the Mirandesa breed, 5.8 and 5.6, respectively.
In relation to colour variables live weight, sex and breed had no effect on the red index (a*). Lightness (L) decreased with the increasing live weight and the light lambs had a higher yellow index (b*) than the others. This effect of live weight on colour instrumental measurements was also found by Sañ udo et al. (1996) ; ; Beriain et al. (2000) and Fogarty et al. (2000) . The effect of live weight on a* was also reported by Dransfield et al. (1990) but according Sañudo et al. (1997) the light lambs traditionally consumed in the Mediterranean area have lower yellow index probably due to the milk diet of low-iron content received by the suckling lambs. In agreement with our results Santos working with Portuguese Merino, found an effect of slaughter weight on the L and a*. In our work, breed only affected the yellow index and the Bragançano lambs had higher values than the Mirandesa lambs. The effect of breed on this Table 2 Effects of live weight, sex and breed on the instrumental measurements *P 6 0.05; **P 6 0.01; ***P P 0.001. NS: Not significant; values in the same column followed by the same letter are not significantly different (P P 0.05).
colour parameter was also found by Fogarty et al. (2000) and Sañ udo et al. (1997) . Sex only affected the lightness, with males having significantly higher values than the females. The interaction between live weight and breed was probably a result of the lighter weight of the Mirandesa lambs in the heavy live weight range C (19 < P3 < 24 kg). The interaction between live weight and sex for redness (a) was the result of differences between males and females within the live weight groups B and C; males having higher values than females (17.6 vs. 16.4). Shear force increased with live weight. The values found were similar to those found by Sañ udo et al. (1996) ; Beriain et al. (2000) and Hoffman et al. (2003) . The lowest values found for the lightest lambs were also found by Schö nfeldt, Naudé, Bok, Van Heerden, and Sowden (1993) for young lambs and kids. There was a significant difference between breeds, Bragançano lambs had higher shear force values than Mirandesa lambs. Hoffman et al. (2003) found an influence of breed on shear value but Sañu-do et al. (1997) ; Hopkins and Fogarty (1998) ; Safari et al. (2001) and Purchas et al. (2002) found no differences. There were no significant differences between sex and a significant interaction between live weight and sex was found, mainly due to the low values found for the Mirandesa light lambs when compared with the other live weight groups of the Bragançano lambs.
Sensory quality
In Table 3 , the effects of live weight, sex and breed on the sensorial quality characteristics are presented. Live weight at slaughter only affected the flavour intensity. The heavy carcasses had more flavour intensity than the light ones. This has also been reported by Crouse, Busboom, Field, and Ferrel (1981) ; Butler-Hogg et al. (1984) and Jeremiah et al. (1998 ). However Sañ udo et al. (1996 , working with lambs of the Aragonesa breed designated as ''Ternasco de Aragó n'', which was the first Spanish fresh meat with denomination of origin did not find effects of slaughter weight on flavour. None of the sensory assessments were affected by sex and ), working with Spanish light and medium weight lambs also found no effects of sex on sensory assessments. Mirandesa lambs had significantly lower values for toughness, stringiness and odour intensity than Bragançana lambs. Taking into account that, according to (Safari et al., 2001 ), tenderness, flavour and juiciness are the most important sensory attributes in overall acceptability, the MTL muscle of Mirandesa lambs was more acceptable than the MTL muscle of Bragançano lambs. These differences are illustrated in Fig. 1 by a plot of sensory evaluation characteristics for the two studied breeds. The difference between breeds for shear force corresponded to the difference in toughness. This relationship between shear force and tenderness was also identified by Safari et al. Table 3 Effects of live weight, sex and breed on the sensory quality characteristics (2001). Differences between breeds were also found by Sañudo et al. (1997) working with lambs from some Spanish breeds and the Awassi breed, and Fisher et al. (1999) working with some UK breeds, and Jeremiah et al. (1998) working with lambs of several breeds currently marketed in Canada. No effects on flavour were found for live weight at slaughter, breeds and sex. This agrees with Crouse et al. (1981) and Crouse, Ferrell, Field, Busboom, and Miller (1982) and Jeremiah et al. (1998) . Sweet intensity was not affected by live weight, breed, or sex.
Conclusion
The aim of this study was to evaluate lamb meat quality of two Portuguese breeds with protected origin designation, representing the consumer type slaughtered in the Mediterranean area, particularly in Portugal. The results showed that lamb meat quality was variable, probably reflecting the wide range of carcass weights allowed for these protected designation origin products No breed differences were found between breeds for pH measured 24 h after slaughter. An effect of live weight on colour instrumental measurements was found; lightness (L) decreased with increasing live weight and the light lambs had a higher yellow index (b*) than the others. Breed affected only the yellow index and the Bragançano lambs had higher values than Mirandesa lambs. Sex only affected the lightness; males having higher values than the females. Shear force increased with live weight and the MTL of Bragançano lambs had higher shear force values than that of the Mirandesa lambs. The MTL of Mirandesa lambs had significantly lower values for toughness, stringiness and odour intensity than Bragançana lambs. The MTL of Mirandesa lambs was more acceptable than that of the Bragançano lambs.
